Fruit processing industries produce large amount of waste material, which poses considerable disposal problems leading to pollution. The potentiality of Bacillus subtilis and Pseudomonas aeruginosa to produce ethanol from orange peels was investigated in the present study. Optimization of parameters to improve ethanol production was done. Maximum amounts of ethanol were produced using 8% orange peels. With the addition of 2% sucrose, ethanol production reached 67.20 g/l by B. subtilis whereas, in P. aeruginosa addition of lactose at a concentration of 2.5%, increased ethanol production till 55.20 g/l. B. subtilis produced maximum ethanol (75.20 g/l) when ammonium chloride was added to the medium at 4 g/l whereas, corn steep liquor at 5 g/l caused maximum ethanol production (69.50 g/l) by P. aeruginosa. The optimum environmental conditions that influence ethanol production in B. subtilis include inoculum concentration, pH, temperature and incubation time; 10%, pH: 7, 35°C for 72 h and in P. aeruginosa; 10%, pH: 8, 35°C for 72 h respectively. At these optimal conditions, the maximum ethanol production reached 92.25 and 82.70 g/l for B. subtilis and P. aeruginosa, respectively was recorded.
INTRODUCTION
The rapid depleting non-renewable resources has already reached pinnacle. Now there has been an urgent need for a renewable, sustainable energy sources. Ethanol had been a promising renewable source (Farrell et al., 2006) . The increasing demand for ethanol for various chemical and motor-fuel industrial purposes such as alternative source of energy, industrial solvents, clean-sing agents, preservatives and its important role in reduction of green house gas emissions has necessitated in-creased production of this alcohol (Edgardo et al., 2008) .
Ethanol production is usually accomplished by chemical synthesis of petrochemical substrates and microbial conversion of carbohydrates present in agricultural products. Owing to depleting reserves and competing Industrial needs of petrochemical feed stocks, there is global emphasis on ethanol production by microbial fermentation process. Increased yield of ethanol production by microbial fermentation depends on the use of ideal microbial strain, appropriate fermentation substrate and suitable process technology (Brooks, 2008) .
Enormous quantities of agro-industrial waste residues are generated throughout the world from processing raw agriculture materials for foods. These wastes and their disposal have become an environmental concern especially when they are biodegradable to useful goods and services (Shide et al., 2004) . Cellulolytic wastes from agricultural practices can be used to produce important compounds such as alcohol thereby assisting in controlling environmental pollution (Omojasola and Jilani, 2008) .
Orange peels belong to this group of valuable biomass E-mail: emann7778@yahoo.com.
wastes (Mrudula and Anitharaj, 2011) . The peel contains various carbohydrate polymers, which make it an interesting choice for production of metabolites such as ethanol by appropriate microorganisms. An individual or combination of mechanical, chemical, and biological pretreatments, however, is required to break down cellulose, hemicellulose and pectin polymers present in the cell walls of orange peels and convert them into their sugars' monomers which can further be fermented to ethanol (Grohmann et al., 1995) . The present study was carried out to investigate the production of ethanol by B. subtilus and P. aeruginosa utilizing orange peels waste and to optimize medium components and culture conditions to improve ethanol production.
MATERIALS AND METHODS

Pretreatment of orange peels
Orange peels, an agro-industrial waste, were used in this study as a substrate for bio-ethanol production. The oranges samples were procured from the local market. The peels were separated and stored frozen at -20°C. The dry content of orange peel was 18.7% and determined by drying the peels at 110°C for 48 h. Before hydrolysis, the peels were thawed and ground with a food homogenizer to less than 2 mm in diameter.
The removal of the limonene was carried out by distillation according to the procedure described by Wilkins et al. (2007) . Briefly, the peels were crushed to juice by the addition of little amount of water. This juice had been transferred into a round bottomed flask, which was connected to the distillation unit later. The heating mantel was placed below the round bottomed flask and a heat of 100°C was provided for approximately an hour. This resulted in the removal of the limonene from the orange peels.
Dilute acid hydrolysis of orange peels
The orange peels was degraded to convert cellulose content into more available sugars by chemical treatments with little modification to the procedure described by Lenihan et al. (2010) . Fifty milliliters of 10% (w/v) hydrochloric acid was added to the orange peels (40 g) in a 250 ml conical flask. The solution was placed in water bath at 100°C for one hour. After hydrolysis, the pH of the hydrolysate was neutralized with 10 M NaOH until the pH was around 7. The solid particles in the hydrolyzate were separated from the liquid by centrifugation and heated in an oven at 105°C for 15 min to inactivate enzymes, and then stored at 4°C.
Microorganisms
The bacterial strains B. subtilis and P. aeruginosa were kindly obtained from the Fermentation Biotechnology and Applied Microbiology (FERM-BAM) Center, Al-Azhar University, Cairo, Egypt. Stock cultures were grown on nutrient agar slopes at pH 6.8. Inoculated slopes were incubated for 24 h at 30°C and stored subsequently at 4°C in sealed universals. They were periodically sub-cultured by transfer onto fresh agar medium.
Fermentation process and ethanol production
One loop of cells of the bacterial strains was transferred to 50 ml of nutrient broth medium prepared with distilled water in 250 ml flask Gomaa 1267
and aerobically cultivated for 24 h. The cell culture was centrifuged at 10000 x g for 10 min and washed three times with sterile physiological saline (NaCl 8.5 g/l). Then, cells were suspended in the same solution to give a concentration of 0.01 g/ml. The cells were transferred to 50 ml of minimal medium (MM) in 250 ml Erlenmeyer flask containing: ammonium sulfate, 2 (g/l) ; magnesium sulfate, 0.2 (g/l); dibasic potassium phosphate, 0.7(g/l); monosodium phosphate, 0.3 (g/l), 5 ml of a micronutrient solution (per liter: 5 g disodium EDTA, 0.22 g zinc sulfate. 7H2O, 0.5 g calcium chloride, 0.5 g ferrous sulfate.7H2O, 0.1 g ammonium molybdate. 4H2O, 0.16 g cupric chloride, 0.16 g cobalt chloride and 0.5 g manganese sulfate) and 1 ml thiamine solution (Guimaraes et al.,1992) . Thiamine stock solution (0.1% w/v) was filter sterilized. Carbon energy source (dried orange peels extracts) were added at a final concentration of 2%. The pH was adjusted using 2 M NaOH to pH 6.8. Batch fermentation was carried out in duplicate and under continuous stirring at 100 rpm using a magnetic stirrer. Fermentation was allowed for 72 h at 35°C and samples from the medium were withdrawn periodically from the replicated fermented flasks to determine bacterial cell growth, ethanol productivity, final pH value and residual sugar content.
Analysis
Bacterial growth and pH value
Optical density (OD) was measured at 600 nm to estimate the cell growth. The pH of the supernatant was measured with a pH meter.
Ethanol assay
Ethanol was analyzed using a gas chromatography GC-17A (Shimadzu, Japan) equipped with a flame ionization detector and a BP21 capillary column (25-m length x 0.53-mm internal diameter x 0.5-µm film thickness). The temperature of the injector and detector were set at 150 and 200°C, respectively. The oven temperature was initially maintained at 40°C for 1 min and then increased to 130°C at a gradient of 20°C per minute. Helium was used as carrier gas with 1-propanol as the internal standard (Suhaimi et al., 2012) . All tests were run in duplicate with two or more repetitions, and results were expressed as the average of all repetitions.
Total and reduced sugar concentrations
Total sugars were analyzed by the method of Dubois et al. (1956) which is based on the phenol sulfuric acid reaction. Glucose, from Sigma Co. was used as a standard. The reducing sugar was determined using the 3, 5-dinitrosalicylic acid (DNS) method (Miller, 1959) using Dgalacturonic acid as a standard sugar.
Optimization of fermentation process ' s parameters
In a sequential order, the various process parameters optimized for maximal ethanol production were as follows:
Effect of orange peels concentration
A set of flasks with different substrate concentrations ranged from (1-10 %) were inoculated and incubated at 35°C for 72 h. After incubation, samples were withdrawn and tested for all parameters described above.
Effect of additional carbon source
To find a suitable additional carbon source for ethanol production by B. subtilis and P. aeruginosa, carbon sources; glucose, galactose, sucrose, maltose, xylose, raffinose, arabinose, cellulose, lactose, starch, mannitol, ramnose, fructose, mannose and molasses were added at 1% to minimal medium, fortified with orange peels. Also, the effect of sucrose and lactose at concentrations of 0.5, 1, 1.5, 2, 2.5 and 3% were studied on ethanol production.
Effect of nitrogen sources
The selected nitrogen sources for optimization process were yeast extract, peptone, malt extract, beef extract, casein, protease peptone, soybean meal, corn steep liquor, urea, ammonium sulphate, ammonium nitrate, ammonium chloride, ammonium oxalate, diammonium hydrogen phosphate, ammonium molybidate, sodium nitrate, potassium nitrate, asparagin, cystein and glycine. The nitrogen sources were used at 2 g/l in basal minimal medium. The effect of ammonium chloride and corn steep liquor at concentrations of 1, 2, 3, 4, 5 and 6 g/l were studied on ethanol production.
Effect of inoculum concentration
Effects of inoculum concentrations were studied by inoculating a set of flasks containing minimal media with different volumes of inoculum (approximately 10 8 CFU/ml), viz. 2, 4, 6, 8, 10 and 12% (v/v). The flasks were incubated at 35°C for 72 h.
Effect of initial pH
The pH of the production medium was adjusted to 5, 6, 7, 8 and 9 with 1N NaOH and 1N HCl. The production was carried out at 35°C to study their effect on ethanol production.
Effect of temperature
The fermentation was carried out at different temperatures such as 20, 25, 30, 35 and 40°C to study their effect on ethanol production. The culture filtrates were then collected and assayed.
Effect of incubation time
Different incubation times (24, 48, 72, 96 and 120 h) were employed to study their effect on ethanol production. The culture filtrates were collected at respective time interval (24 h) and assayed.
RESULTS AND DISCUSSION
Production of ethanol and other valuable products from fermentable sugars in orange peels is an alternative to utilize industrial citrus processing waste and avoids disposal-associated problems. However, the main obstacle to fermentation of orange peel is the presence of peel oil (more than 95% D-limonene, hereafter called limonene), a component that is extremely toxic to fermenting microorganisms. The antimicrobial effect of limonene was reported even at very low concentrations such as 0.01% (w/v), and resulted in complete failure of fermentations at higher concentrations (Winniczuk and Parish, 1997) . Therefore, a successful fermentation usually requires prior separation of limonene from the medium (Grohmann et al., 1994) . The removal of the limonene can be done in many ways. One is the heat treatment, where the orange peels are treated at 150°C (70 psi) by injecting high pressure steam.
Taking into account that in the bioconversion of agroindustrial wastes such as orange peels, hydrolysis of polymers is essential. Hydrolysis can be carried out either chemically, where acid hydrolysis dominates, or enzymatically (Taherzadeh and Karimi, 2007) . Regardless of the method, the desired effect of the hydrolytic reaction is always the release of sugar monomers from the cellulose and hemicellulose. Enzymatic hydrolysis is an efficient method to release almost all carbohydrates present in the orange peels which can further be fermented to ethanol, but its application is hampered by high cost of enzymes and the slow rate of the de-polymerization reaction. Thus, development of a cost-effective method in which all or a high proportion of carbohydrates could be released will help to commercialize the processes using orange peels as raw materials (Galbe and Zacchi, 2002) .
Dilute-acid hydrolysis is a fast and economically feasible approach that is widely used. Despite low acid consumption and short reaction time in dilute-acid hydrolysis, application of high temperatures in this method accelerates the rate of sugar decomposition and increases equipment corrosion (Taherzadeh and Karimi, 2007) . However, decomposition of sugars not only lowers the ultimate yield of sugars in dilute-acid process, but also produces a number of by-products that show severe inhibiting effects on subsequent fermentation step (Luo et al., 2002; Klinke et al., 2004) .
Various process parameters influencing fermentation rate and ethanol production were optimized. The strategy followed was to optimize each parameter, independent of the others and subsequently optimal conditions were employed in all experiments.
Nutritional requirements
Nutrient sources were found to be one of the important factors for ethanol production. On studying the ability of B. subtilis and P. aeruginosa to utilize hydrolyzed orange peel wastes with no need of supplying any additional nutrient to produce ethanol, it was found that a concentration of 8% (w/v) optimum for ethanol production was reached at 18.90 and 16.90 g/l by B. subtilus and P. aeruginosa, respectively ( Figure 1A and B) . Beyond 8%, the substrate concentrations decreased the ethanol production.
With the aim of evaluating the possible solubilization and hydrolysis of orange peel cultures and bioconversion into ethanol, the concentration of total sugars and reducing sugar was followed throughout the fermentation process by the phenol-sulfuric and DNS methods, respectively. Results illustrated in Figure 1A and B showed that by using orange peels with a concentration of 8%, the lowest total and reducing sugars reached 13.56 and 2.98, respectively for Bacillus subtilus, 12.08 and 5.16, respectively for Pseudomonas aeruginosa were recorded.
It is evident from results represented in Figure 1A and B that by increasing ethanol production, the pH of the cul- ture decreased. The reduction in pH provide a convenient marker for the completion of fermentation and appears to coincide with maximum ethanol concentration.
Since carbon is considered as the primary nutrient for the bacteria, further experiments were done to explore the enrichment of carbon sources with the objective of maximizing ethanol production. The influence of additional carbon sources on ethanol production was studied by adding various carbon sources like glucose, galactose, sucrose, maltose, xylose, raffinose, arabinose, cellulose, lactose, starch, mannitol, ramnose, fructose, mannose and molasses to the culture medium. Enhanced ethanol production (56.50 g/l) by Bacillus subtilis was found in medium amended with sucrose. On the other hand, lactose caused enhancement of ethanol production (49.90 g/l) by Pseudomonas aeruginosa (Table 1) . These results means that the ethanol produced in this study was higher than that produced by Kluyveromyces marxianus (37.1 g/l) and Saccharomyces cerevisiae (40.9 g/l) grown on hydrolyzed orange peel waste (Wilkins et al., 2007) .
Sugar concentration is also critical in fermentation process and influencing the rate of ethanol production. Initial sugar concentration has also been found to determine the amount of alcohol (Mariam et al., 2009) Concentration of 2.5%, respectively (Figure 2A and B). Beyond these concentrations, ethanol production by the two strains decreased drastically. Orange peels contain different carbohydrate polymers which makes it attractive as a raw-material for production of metabolites such as ethanol by suitable microorganisms. The total sugar content of orange peel varies between 29 and 44%, soluble and insoluble carbohydrates being the most abundant and economically interesting constituents of this residue. Approximately 50% of the dry weight of orange is soluble in alcohol, and soluble sugars are the major components also of this fraction. Glucose, fructose and sucrose are the main sugars, although xylose can also be found in small quantities in orange peel. Insoluble polysaccharides in orange peel are composed of pectin, cellulose and hemicelluloses. Pectin and hemicelluloses are rich in galacturonic acid, arabinose and galactose, but they also contain small amounts of xylose, glucose, and perhaps rhamnose (Ma et al., 1993; Grohmann et al., 1995) . Glucose is the dominant sugar in the cellulosic fraction, which also contains some quantities of xylose and arabinose, traces of galactose and uronic acids, and in some instances mannose. On the other hand, lignin seems to be absent in these tissues (Grohmann and Baldwin, 1992) .
Next to carbon, nitrogen served as important nutrient source for ethanol production as it has a very important role in microbial growth and enzymes production (Mrudula and Anitharaj, 2011) .
Hence, different nitrogen sources like peptone, malt extract, beef extract, casein, protease peptone, soybean meal, corn steep liquor, urea, ammonium sulphate, ammonium nitrate, ammonium chloride, ammonium oxalate, di-ammonium hydrogen phosphate, ammonium molybidate, sodium nitrate, potassium nitrate, asparagin, cystein and glycine were applied as nitrogen sources for ethanol production. Ammonium chloride was found to be the best nitrogen source as it increases ethanol production up to 67.30 g/l by Bacillus subtilis, however, in case of Pseudomonas aeruginosa, corn steep liquor supported the highest ethanol production reached 57.40 g/l (Table 2) .
Amongst different nitrogen concentrations, the highest ethanol production (75.20 and 69.50 g/l) by Bacillus subtilis and Pseudomonas aeruginosa were recorded in medium containing ammonium chloride at concentration of 4 g/l and corn steep liquor at concentration of 5 g/l, respectively ( Figure  3 A and B). Beyond these concentrations, ethanol production by the two strains decreased drastically.
Other researchers have reported many other nitrogen sources as the best; for instance, ammonium sulphate (Patil and Dayanand, 2006) , combination of yeast extract and ammonium sulphate (Mrudula and Anitharaj, 2011) .
Environmental factors
In the conversion process of sugar to ethanol, growth of microorganisms was highly linked with stress or environmental factors in the culture medium, which of these factors is essential to achieve a successful fermentation and an increased ethanol yield.
The effect of different inoculum size, including 2, 4, 6, 8, 10 and 12% (v/v) , on ethanol production were studied. In a medium optimized for carbon and nitrogen sources, the inoculum size resulted in maximum ethanol yield (90.20 and 79.00 for Bacillus subtilis and Pseudomonas aeruginosa, respectively) was 10 % (v/v).
An increase in inoculum level is well known to reduce the lag phase. As obvious in Table 3 , the biomass increased steadily when the inoculums varied from 6 to 10%. There was a notable decrease when the inoculums varied from 10 to 12% in case of Bacillus subtilis. On the other hand, a moderate decease was observed between inoculums of 10 to 12% in case of Pseudomonas aeruginosa.
The results presented in Table 4 demonstrated that pH 7.0 and 8.0 favored ethanol production by Bacillus subtilis and Pseudomonas aeruginosa at Figure 4A and B). It has been observed that in both lower and higher temperatures, the ethanol production was sharply decreased.
As shown in Figure 4A and B, the OD value increased as temperatures increased from 30 to 35°C, and then declined when the temperatures were above 35°C. Patil and Dayanand (2006) reported that the period of fermentation depends upon the nature of medium, fermenting organisms, concentration of nutrients and the process physiological conditions. The effect of incubation period on ethanol production was tested in this paper. The time course of ethanol production by the two species is shown in Figure 5 A and B. For Bacillus subtilis and Pseudomonas aeruginosa the highest level of ethanol production reached 92.25 and 82.70 g/l, respecttively were recorded after 72 h of incubation period. Similarly, Wilkins et al. (2007) reported that Saccharomyces cerevisiae fermented hydrolyzed sugars extracted from orange peel waste and pro- 
